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Good, bad and ugly process burner flames 



As part of the U.S. Environmental 
Protection Agency’s (EPAs) maximum 
achievable control technology (MACT) 
fired heater inspection program^ the au¬ 
thors’ company has inspected nearly 
1;000 heaters since the program started 
in 2015. These inspections have revealed 
all types of flames—the good; bad and 
ugly. Here; good is defined as no changes 
are needed; bad is defined as changes 
are needed where the conditions are not 
likely dangerous; and ugly is defined as 
immediate changes are needed because 
the conditions are potentially dangerous. 

Judging flame quality is somewhat 
subjective; as no instrument exists to 
measure it. However; some basic princi¬ 
ples can be used to determine the condi¬ 
tions of flames. Given the number of bad 
and ugly flames observed on a regular ba¬ 
sis; these principles are apparently either 
not universally known or are not being 
used to correct flame problems. 

Good flames. Perhaps the most impor¬ 
tant principle of good flames is stabil¬ 
ity. While no stability meter exists noW; 
some instabilities are easy to recognize. 
For example; flames should not be puls¬ 
ing or bouncing; often called huffing. A 
lifted flame is defined by a significant gap 
between the outlet of the burner and the 
start of the flame. A flame can be lifted 
without bouncing; which is also unde¬ 
sirable and potentially dangerous. Good 
flames are steady and anchored near the 
burner outlet. 

Some factors should be observed to 
determine whether a flame is good or 
not. Most fired heaters have multiple 
burners; so another principle is unifor¬ 
mity: all flames should look approxi¬ 
mately the same. While there are occa¬ 
sionally exceptions to that rule; they are 
generally rare. 


Another principle is that flames 
should be the appropriate color; this 
depends on the fuel composition; the 
burner design and the operating condi¬ 
tions. For example; firing liquid fuelS; 
such as light or heavy oilS; normally 
produce more yellow flames because 
the high concentration of carbon in the 
fuel initially produces soot in the flame; 
which produces luminosity that appears 
yellow to our eyes based on the flame 
temperatures. On the other extreme is 
hydrogen (H 2 ); which has no carbon to 
produce soot and therefore appears to be 


blue. Older burners may produce more 
yellow flames when burning heavier hy¬ 
drocarbons; while newer burners gener¬ 
ally produce flames that tend to be blue; 
regardless of the fuel composition; due to 
their more uniform temperature. 

An indirect measure of good flames is 
the temperature uniformity of the burner 
tiles. There should be no pronounced 
hot spots or dark spots that can indicate 
a problem with the fuel injectors (tips). 
The tips might be plugged; improperly 
oriented or possibly the incorrect ones. 

Good flames should be distinct from 
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each other and not leaning into each oth¬ 
er or into process tubes. Some examples 
of good flames are shown in FIG. 1. 

Bad flames. Bad flames maybe non-uni- 
form^ have poor flame patterns or improp¬ 
er colors^ produce significant hot spots or 
dark spots on the burner tileS; or be lean¬ 
ing into each other or into the furnace 
walls; roof or floor. While these are usually 
not dangerous conditions^ they typically 
adversely affect heater operations and can 
lead to significant problems if not correct¬ 
ed. They may reduce the heater efficiency 
and/or increase pollution emissions. 

FIG. 2 shows burner air registers that 


are improperly set; one inside (fiG 2A) 
the heater and one outside (fiG. 2B) the 
heater. Two of the registers were closed to 
achieve the target excess oxygen (O 2 ); but 
air registers should normally all be adjust¬ 
ed to the same settings. Not enough air is 
going through the burners with the closed 
air registers; which makes their flames yel¬ 
low. Too much air is going through the 
only burner of the three with the air reg¬ 
ister open; which makes the flame more 
blue. While this is not a dangerous con¬ 
dition; it clearly does not produce the de¬ 
sired heat flux profile and could produce 
higher air pollution emissions. 

FIG. 3 shows that when some fuel in- 



BefareafgustmentfA) 


After adjustment (8) 



Flat flame burners fired fioriiontally 


FIG. 4. Flat flame burners firing along the floor (A) before adjusting the excess O2 and draft 
and (B) after adjustment. 


jectors are more plugged; they can force 
more fuel to the injectors that are cleaner. 
In the lower burner; no flames are visible 
where the tips are heavily plugged. In the 
top burner in FIG. 3, the flames with the 
yellow tips are the cleanest and are allow¬ 
ing more fuel to flow than designed. 

The dramatic impact the heater draft 
and excess O 2 have on heater operation is 
shown in FIG. 4. In FIG. 4A, the flames are 
long and lazy and the firebox is dark. In 
FIG. 4B, the flames are short and properly 
firing across the floor where the heater is 
much brighter. The ugly flames in FIG. 4A 
were corrected by properly adjusting the 
draft and the excess O 2 . 

Ugly flames. Ugly flames may be unsta¬ 
ble; severely lacking oxygen for combus¬ 
tion; or impinging on process tubes. Un¬ 
stable flames (e.g.; flames that are pulsing 
or lifted; as shown in FIG. s) can flame out 
and then be reignited a short time later in a 
hot furnace; which can cause an explosion. 

Another condition that can produce 
ugly flames is prolonged flame impinge¬ 
ment. This can cause process tubes to 
overheat and produce a layer of coke in¬ 
side the tubes that reduces the convective 
cooling effect and further exacerbates the 
overheating problem. This can eventually 
lead to a tube leak or rupture. 

Takeaway. Process burners must be 
properly designed; installed; operated 
and maintained so that they produce 
good flames. Burners and heaters must be 
frequently inspected to detect problems 
before process flames become bad or 
even ugly. Flames should be uniform and 
not lifted; be the proper color and flame 
pattern (e.g.; no impingement; not too 
long; no leaning); have no pronounced 
hots spots or dark spots on the burner 
tileS; have no irregular flame movement 
(such as pulsing) and make no unusual 
sounds; such as from flashback. 

The objective of good heater opera¬ 
tion is not to have perfect flameS; as that 
is unlikely. However; the quality of some 
flames may be so poor as to be classified 
as bad or; even worse; as ugly. Both types 
should be avoided and if detected; be cor¬ 
rected as soon as possible. Ugly flames 
may be potentially dangerous and may 
require correction from some distance 
from the heater. Ideally diligent attention 
to proper burner operation and mainte¬ 
nance will help avoid ugly flames. HP 
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FIG. 5. Examples of pulsing/lifted flames. 
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Lummus’ SRDC Technology: The Most Efficient 
Conversion of Naphtha into Light Olefins and Aromatics 

The refinery outlook has been influenced recently by many factors such as stringent automotive 
fuel specifications, stricter environmental regulations for bunker fuels and gathering momentum 
for electric vehicles. Projected future demand for transportation fuels, in particular gasoline, is 
expected to decline while consumerism of a rising middle class is predicted to increase demand 
for light olefins, aromatics, polymer resins and their derivatives. These factors are driving growth 
in petrochemicals, recently shifting the focus to crude to chemicals. 

Upgrading low value streams to higher value products by employing creative and cost effective 
solutions is an important consideration. This presentation will highlight how Lummus' Single 
Regenerator Dual Catalyst (SRDC) Technology and its integration with Resid Fluid Catalytic 
Cracking (RFCC) create operational and product flexibility for ever-changing markets. 

Applications where SRDC is advantageous: 

• RFCC operators looking to increase propylene production 

• The paraffinic nature of U.S. shale light tight oil producing surplus naphtha and minimizing 
naphtha exports at lower value 

• For refineries planning to process heavier feeds or decrease gasoline production, and 
refineries requiring high octane blend stock 

Register for Free: 

HydrocarbonProcessing.com/Webcasts 
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